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Abstract 
With the current trends in integrated management of childhood diseases in developing 
countries, it is important to resolve the controversies of coinfections between helminths and 
malaria, and properly evaluate the epidemiology of diarrhegenic parasites with molecular 
study, which sometimes cause overlapping infections. Again, the major challenge facing the 
global success of mass deworming initiative aimed at controlling helminths is lack of 
sustainability due to limited donor funds. We therefore decided to evaluate the effectiveness 
of a school based deworming program using only the school teachers without spending money 
on training and logistics. Demographic information, height and weight were measured and 
stool samples were collected from pupils in a semi-rural area of Nigeria during the initial visit 
by the study team. Malaria cases were recorded over a 3 month malaria transmission period 
prior to stool sampling.Four hundred and seventy six (33%) of the study population was 
infected with one Soil transmitted helminth (STH) or the other, especially with Askaris 
lumbricoides (26.0%) and Hookworm (8.4%). We found a negative association between 
malaria and STH in this community. Helminth infection rate of 18.3% was observed in 
children with malaria compared to 34.4% in controls. We also found a high carriage rate of 
Giardia (37.2%), low Cryptosporidium (1%) and no E. histolytica infection contrary to 
previous studies that were based on traditional diagnostic techniques. There was 7.9% 
reduction in the number children with low weight-for-age in the helminth infected children at 
6 months after mass deworming, the number of uninfected children with low weight-for-age 
also reduced by 3.2%.  There was also a reduction in the number of children with more than 
25% absenteeism among both helminth infected (13.9%) as well as uninfected (7.2%). The 
association between malaria and STH in our study calls for the need for integrated approach 
to health problem in Africa instead of the common vertical campaigns. Results from our 
molecular study also shows the need to strengthen collaborations between researchers from 
developed and developing countries to be able to map out the true epidemiology of these 
parasites and hopefully produce novel, inexpensive diagnostics that circumvent the need for 
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The World Health Organization projected that infectious diseases including malaria, 
helminths and diarrhea agents will be the primary causes of death in African region by the 
year 2030. 1 This is not surprising because diarrhea diseases and malaria have consistently 
maintained their positions as the 2nd and the 3rd on the list of the top 10 global causes of Non-
neonatal pediatric death between year 2000 and 2010 following pneumonia. 2 (Figure 1). 
 
Figure 1. Global, regional, and national causes of child mortality in 2000–13, with projections to 
inform post-2015 priorities: an updated systematic analysis. 
 
Only 5 countries of the world including India, Nigeria, Democratic republic of Congo, 
Pakistan and China accounted for half of the global deaths from infections in the year 2010, 
while Nigeria was said to have recorded the largest number of malaria deaths 2. About 30% of 
the global cases of STH are in African Region of the WHO with more than 40% of them in 
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only 3 countries (the Democratic Republic of the Congo, Ethiopia and Nigeria) where Nigeria 
leads with 21%. 3  
 
1.1 Malaria 
Malaria is caused by five species of the parasite belonging to the genus Plasmodium. P. 
falciparum, P. vivax, P. malariae, P. ovale and P. knowlesi. The first 4 are human malaria 
species, which are spread from one person to another by female mosquitoes of the genus 
Anopheles. P. knowlesi causes malaria among monkeys in forested areas of South-East Asia 
but in recent years has been reportedly responsible for human malaria cases.4 P. falciparum is 
the predominant specie in African where it is responsible for most of the malaria deaths, P. 
vivax has a wider geographic distribution because it can develop in the mosquito vector at 
lower temperatures and higher altitudes. Although P. vivax can occur throughout Africa, the 
risk of infection is relatively lower because majority of black Africans, particularly West 
Africans, lack the Duffy gene, which produces the Duffy protein necessary for P. vivax 
attachment to erythrocytes. 5 According to the 2014 World malaria report (WMR), 198 
million cases of malaria occurred globally in 2013 which led to about 584 000 deaths. But 
then, it was believed that the figures represent a decrease in malaria incidence and mortality 
rates by 30% and 47% respectively since 2000. Malaria is most rampant in the WHO African 
Region (Figure 2), where an estimated 90% of all malaria deaths occur, and in children below 





Figure 2. Countries with ongoing transmission of malaria, 2013. 
Source: WHO, World malaria report, 2014. 
 
In Africa and in Nigeria, the global epidemiology of the causes of childhood mortality seems 
to be rearranged. From the 3rd position in global ranking, malaria becomes the 2nd killer 
disease in Africa by displacing diarrhea. Eventually in Nigeria, malaria comes 1ston the list by 
relegating pneumonia and diarrhea to the distance 3rd and 6th respectively on the list of top ten 
causes of Years of Life Lost (YLL) in Western Sub-Saharan Africa.6 For instance, the WHO 
2010 report on country specific causes of death, indicated that from the 700 000 children that 
died in Nigeria before their fifth birthday, malaria (20%) was reported to have killed more 
than pneumonia (17%) and diarrhea (11%).7 
The prominent status of malaria over other childhood killer diseases in West Africa might not 
be the accurate reality of the situation on ground because of the increased reporting caused by 
improved diagnosis due to the upsurge in the deployment of rapid diagnostic kit. It was 
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reported that in 2013, the number of rapid diagnostic tests (RDTs) procured globally 
increased from 46 million in 2008 to 319 million in 2013.8 This has helped to move the 
diagnosis of malaria from signs and symptoms based to what is now backed by laboratory 
evidence in many cases. Other major childhood killer diseases, especially diarrhea, did not 
have similar diagnostic advantage and still depended a lot on signs and symptoms with 
empirical treatment. This is probably because of the diversity of possible diarrhea agents 
compared to malaria.    
 
1.1.1 Malaria Intervention Package  
The core interventions for malaria control in Nigeria involve the following measures 
include9:- 
Prevention of malaria transmission through vector control as part of an Integrated Vector 
Management strategy (IVM). This includes the use of Long-lasting Insecticidal Nets (LLIN) 
as well as Indoor Residual Spraying (IRS):- Free distribution of LLIN was adopted by 
Nigerian government in 2001(WMR 2014).5 Recent national survey showed that the ownership of 
ITN increased in Nigeria from 8% in 2008 to 50% in 2013 but the proportion of <5 children 
sleeping under ITN only increased from 6% to 17% over the same period. IRS on the other 
hand is not operational in Nigeria since its adoption in 2007.10 
Prompt diagnosis and adequate treatment of clinical cases at all levels and in all sectors of 
health care with special attention to management of severe malaria cases: - This package was 
also was also not maximally implemented in Nigeria, for instance the proportion of under 5 
children with febrile illness tested for malaria was less than 5% in 2010 and increased slowly 
to about 10% as in 2013. Artemisinin Based Combination Therapy (ACT) as the percentage 
of all antimalarial received by <5 children also increased from about 5% in 2007 to about 
20% in 2013. This data represent information from the public health sector, there is poor data 
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collection from private health sector from where significant proportion of Nigerians receive 
health care services where the implementation may even be lower.5   
Prevention and treatment of malaria in pregnancy through the measures above and additional 
implementation of intermittent preventive treatment in pregnancy:-The 2013 report of the 
Demographic and Health Survey revealed that the implementation of this particular 
intervention package is also poor. For instance, the proportion of women who received at least 
2 doses of sulfadoxine-pyrimethamine during their last pregnancy at an antenatal care visit 
was 5% in 2008 and only increased to 15% in 2013.10 Some of the factors responsible for the 
poor uptake of IPTs in Nigeria include disapproval of spouses, perceptions of unfriendly 
attitudes of health workers and long waits. 11 
 
1.2 Soil-transmitted helminths (STH) 
Soil-transmitted helminth (STH) is a term referring to a group of parasitic diseases caused by 
round worms that are transmitted to humans by fecally contaminated soil.  The epidemiology 
of intestinal helminths is an area that needs a continuous review not only because of the role 
these parasites play in the co-morbidity of other disease conditions, including diarrhea and 
malaria, but also because they constitute a great disease burden even when they stand alone.  
The STH of major concern to humans are Ascaris lumbricoides, Trichuris trichiura, Necator 
americanus and Ancylostoma duodenale which are more rampant in the tropical regions 
where moisture and temperature is mostly favorable, and importantly water supply and 
sanitation is inadequate leading people to defecate openly. (Figure 3).3 More than 2 billion 
people are infected with these parasites where heavy intensity may impair physical growth 
and cause poor cognitive development, micronutrient deficiencies and anemia leading to poor 
school performance and absenteeism in children. Heavy infestation also has direct effect on 
the gastrointestinal channel of transmission by serving as a reservoir for soil and water 
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contamination. Reduced work productivity in adults and adverse pregnancy outcomes have 
also been attributed to STH infections.3 
 
1.2.1 STH and Preventive chemotherapy (PC)  
In 2001, WHO recommended the integration of STH control into existing primary health-
care. 12 It was also recommended that STH drugs should be packaged as an integrated 
preventive chemotherapy targeting other neglected tropical diseases (NTDs) such as 
lymphatic filariasis, onchocerciasis and schistosomiasis. The strategy recommended by 
WHO13 to control morbidity from STH (defined as the elimination of infections of moderate 
and high intensity) involves the periodic administration of preventive chemotherapy (PC) 
tablets with single dose of albendazole (400 mg) or mebendazole (500 mg) to at risk 
population especially preschool-aged and school-age children. The frequency of PC usually 
depends on the intensity of infection. In communities with high intensity with prevalence 
greater that 50%, twice a year mass deworming is recommended while low intensity 
communities with prevalence between 20-50% should be dewormed once a year. Members of 
a community with low infection intensity could be treated on case-by-case basis.13 Despite the 
huge commitment of the WHO and donor partners to school-based PC program, it has 
remained difficult to sustain in most countries because donor funds are dwindling. Yet 
majority of the funds budgeted is spent on training and logistics. The programs also become 
more expensive because it required the collaboration of many agencies such as finance, 
education, health, environment and many more. We therefore decided to evaluate the 
effectiveness of a school based deworming program using only the school teachers, and 
without formal training 
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1.2.2 Aim and rationale of PC 
The aim of preventive chemotherapy is to guard against the widespread morbidity that goes 
with helminthiasis as well as sustained reduction in worm transmission.14 PC involves mass 
administration of good quality drug or combination of drugs, free of charge, with full 
coverage of all at-risk members in an endemic community rather than trying to identify only 
the infected individuals. One major advantage of the drugs administered is their excellent 
safety profile, even in pregnancy.14 In addition to averting the overt morbidity of STH such as 
intestinal obstruction, growth retardation and micronutrient deficiencies, PC has been found to 
also prevent subclinical organ damage along with subtle and long term morbidity such as 
increased school absenteeism, impaired cognitive performance, reduced worker productivity 
and lowered self-esteem that occur later in life. 15,16  
 
 
Figure 3. Proportion of children requiring preventive chemotherapy (PC) for STH globally by country 
in 2009. Source:- WHO STH report, 2001-2010 
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Nigeria (21%) has the largest number of children requiring preventive chemotherapy for soil-
transmitted helminthiases in Africa followed by Ethiopia (12%) and Democratic Republic of 
the Congo 10%3  (Figure 4). Therefore, the country qualifies as a priority area where 
continuous research and impact assessment of PC should be routinely and continuously 
carried out.  
 
 
Figure 4. Proportion of children requiring preventive chemotherapy for STH in African region. 
Source. WHO STH report, 2001-2010 
 
1.2.3 Malaria-Helminth coinfections 
Climate, especially through the effects of temperature and rainfall, is said to be the major 
factor responsible for continental distribution of each of the major STH species.17 Socio-
economic factors are also important in the distribution of both malaria and STH, to the extent 
that over- dispersed distribution has been observed in malaria as well as STH infection in 
which only about 20% of children in a community receive 80% of new infections in a 
community.18,19 Despite the high chances of co-infection between these 2 groups of parasites 
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in areas with overlapping distributions,20,21 there are limited studies conducted so far to 
explore the possible outcome of their association. Earlier studies regarding their association 
reported that malnourished children infected with Ascaris were free of malaria and that 
deworming lead to increase in malaria attacks.22,23 These findings were contradicted by later 
studies which suggested that helminth infected individuals were more prone to clinical 
malaria than helminth free subjects.24,25 But Shapiroa et al 26did not observe any association 
between malaria and helminth confection in a study carried out in Uganda  
Clinical evidence of the additive nature of malaria and helminth induced anemia were 
demonstrated by studies among East African school children 27as well as in Nigerian pregnant 
women.28. Paradoxically, hookworm which is the most important anemic causing helminth 
been postulated to protect against malaria.29 It is therefore important to carry out more studies 
to get a deeper scientific insight into this subject matter. If it is conclusively resolved that 
there is a negative association, then mass deworming programs will need to be properly 
integrated with appropriate malaria treatment policies so as to avoid unwanted effect of 
treating either of the two in co-endemic region. 
 
1.2.4 Opportunity for integrated malaria –helminth control strategies 
On the basis of available evidence on the effectiveness and safety of providing deworming 
tablets to young children, it is now recommended that in areas of high helminth prevalence, 
preventive chemotherapy should be given to children from the age of 12 months. 30,31 This had 
helped made the school based mass deworming program a well-established protocol in many 
developing countries3.Evidence from the benefit of helminth control among preschool 
children in Zanzibar indicates that anthelmintic treatment significantly reduced the prevalence 




In addition to the use of residual house spraying and long lasting insecticide-treated nets, a 
promising new alternative malaria control strategy is intermittent preventive treatment in 
infants (IPTi). 33 Whereby doses of sulfadoxine-pyrimethamine (SP) are delivered to infants, 
irrespective of infection status, at the time of routine vaccination during the first year of life. 
In terms of the impact of IPTi on anemia, a Tanzanian study found a 50% protective efficacy 
against severe anemia among infants. 34 while another study in Ghana was associated with a 
significantly higher mean packed cell volume at 12 months of age35. Additionally, studies in 
West Africa have shown that seasonal IPT could be an effective malaria prevention strategy 
among children younger than 5 years of age in areas of seasonal malaria transmission. 36,37 
Thus, anthelmintic treatment could potentially be co-administered with IPT in areas of 
seasonal malaria transmission. School-based treatment delivery programs offer several cost 
advantages because of the use of the existing school infrastructure and the fact that the 
children are accessible through schools.38 This will also provide good opportunities for health 
promotion activities and teaching within schools to encourage good hygiene practices and 
awareness of malaria prevention methods, such as the use of sleeping under an insecticide 
treated net (ITN). 
 
1.3 Diarrhea disease 
As stated earlier, diarrhea is the 2nd cause of death among children globally, while in Africa 
and Nigeria, it ranked 3rd and 5th respectively. According to a research published by Prüss et 
al that estimated the burden of 107 major diseases and 10 risk factors at global and regional 
levels, “water, sanitation, and hygiene (WSH)” was considered as a single risk factor in poor 
countries constituting transmission partway for a group of diseases (Figure 5) including 




Figure 5. Transmission pathways of fecal-oral disease. Source. Prüss et al, 2002 
 
Despite the success achieved in the drive towards the Millennium development Goals 
(MDGs), about 783 million people still do not use an improved drinking water source, while 
2.5 billion do not use an improved sanitation facility, mostly in the poorest households and 
rural areas. 40 About 90 per cent of people who practice open defecation, the riskiest sanitation 
practice, live in rural areas. Nearly 90 per cent of deaths due to diarrhea worldwide have been 
attributed to unsafe water, inadequate sanitation and poor hygiene. The relatively unchanged 
incidence of diarrhea over the last 30 years despite the innovations in treatment and control 
suggest that knowledge gap exist about the burden of diarrhea causing pathogens. 
The need for new research and specific treatment was recently highlighted by Gupta41 who 
expressed fear regarding the recent stagnation in the coverage of ORS in many developing 
countries. He concluded that cost-effective and specific life-saving child survival 
interventions needed to be scaled up or recent gains in life expectancy may be threatened by 
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reversal. According to the 2005 World health report, despite the reduction in global child 
mortality rate  from 146 per 1,000 in 1970 to 79 per 1,000 in 2003, the situation in African 
region remain worrisome because it showed the slowest rate of decline compared to other 
regions of the world 42. For instance in 1980, the under 5 mortality rate in Africa was 4.3 
times higher than the European region, but it was 7 times higher in 2003. Global estimate of 
diarrhea deaths also reduced from 4.6million in the 1980s43 to 2.5 million in 2000.44 
Regrettably, morbidity rate did not show a parallel decline to the mortality rate. The global 
incidence in 2000 was 3.2 episodes per child, similar to what was obtainable in 198243 and 
1992 45 reviews. Diarrhea incidence was still similar to the more recent incidence in the 
African region as of the year 2010 which remain 3.3 episodes per child year 46   
In a recent case-control study to evaluate the burden and etiology of diarrheal disease in 
developing countries, one or more putative diarrhea pathogens were identified in 83% of the 
children with moderate-to-severe diarrhea and 72% controls respectively. Although a wide 
range of putative diarrhea pathogens were detected, only 4 contributed significantly to 
moderate or severe diarrhea cases. The four were rotavirus, Cryptosporidium, Shigella, and 
heat-stable enterotoxigenic E coli (ST-ETEC) in that order. Other parasites discovered from 
the study include E. histolytica and Giardia. Surprisingly Giardia was not significantly 
positively associated with diarrhea because it was identified more frequently in controls than 
in patients with moderate-to-severe diarrhea. 47 
Because of the high prevalence of Giardia and Cryptosporidium as intestinal pathogens, they 
were included in the World Health Organization’s list of Neglected Disease Initiative.48 A 
very important aspect of Giardia infection is the wide spectrum of clinical feature which can 
range from acute or chronic diarrhea to asymptomatic carriage.  
For instance, studies in Egypt 49 and Mexico 50 revealed that stool carriage of Giardia were not 
associated with diarrhea. Another study in Israel showed that though Giardia carriage is not 
associated with diarrhea, its detection was significantly associated with growth impairment51. 
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Apart from diarrhea, it can also present with nausea, weight loss, bloating and abdominal 
pain52. A carriage rate of 13.8 % was seen among Ethiopian healthy children in a recent study, 
53 while a much lower prevalence of 1.9% was fond in diarrhea patients in another study in 
Saudi Arabia.54 The wide variation in the carriage rate of Giardia among healthy and diarrheic 
children justifies the need for further investigations regarding the epidemiology of this 
pathogen. The finding by Fraser in the Israeli population also suggested that studies are really 
needed in Africa, where the problems of water and sanitation are more challenging, so as to 
evaluate the potential impact of such subclinical infections.  
 
1.3.1 Diarrhea management and possible integration with malaria and STH treatment:-
Integrated management of childhood illness (IMCI) 
IMCI is an integrated strategy that is meant to promote accurate identification and combine 
treatment of major childhood illnesses in a child that presents at health care center in 
developing countries55. Because in most cases, the laboratory resources to identify individual 
infectious disease are not available, IMCI recommend clinical evaluation and combination of 
treatment for pneumonia, diarrhoea and malaria for children in rural settings. Impact 
assessment of IMCI strategy in many countries showed that it was more effective and also 
cheaper than the usual individualized approach. The IMCI recommended inclusion of 
´´appropriate`` antimicrobial agent as part of the treatment for a child presenting with bloody 
diarrhea, severe diarrhea and/or fever.55  The appropriate antibiotics should be selected based 
on the knowledge of probable causative agents in the local community. This again emphasizes 
the need to update the epidemiological data of potential diarrhea agents in developing 
countries with modern diagnostic tools such as real time-PCR which could potentially help 




The aim of the research is to study the epidemiologic aspect and effectiveness of school based 
mass deworming with albendazole using school teachers without formal training in Nigeria. 
(Publication III. In preparation)  
1.4.1 Secondary objectives 
1. Find out possible association between intestinal helminths and malaria among the 
school children (Publication 1) 
2. Determine the molecular epidemiology selected protozoan pathogen in the study 






2.0 Results and Discussion 






































2.3 Paper III (In preparation) 
Effectiveness of mass deworming with albendazole by school teachers without 
formal training in Nigeria 
 
Authors-Efunshile Michael Akinwale* 1, 2, Iyare Festus 3, Lasse Maretty4, Koenig Brigitte 1, 
Christen Rune Stensvold5, Jorgen Anders Kurtzhals4 
Institute of Medical Microbiology and Infectious Disease Epidemiology, Medical 
Faculty, University of Leipzig, Germany1; Medical Microbiology Department, Federal 
Teaching Hospital, Abakaliki, Nigeria2; Histopathology Department, Federal 
Teaching Hospital, Abakaliki, Nigeria3; Centre for Medical Parasitology, Department 
of Clinical Microbiology, Copenhagen University Hospital, and Department of 
Immunology and Microbiology, University of Copenhagen, Denmark4, Department of 
Microbiology and Infection Control, Statens Serum Institut, Copenhagen, Denmark5 
Background. 
Soil Transmitted Helminths (STH) and other Neglected Tropical Diseases continue to 
promote poverty and frustrate the achievement of the health-related Sustainable Development 
Goals in endemic areas. To control the morbidity of STH, World Health Organization (WHO) 
recommends preventive chemotherapy for at risk populations. Several studies have accessed 
the impacts of this recommendation with conflicting results.  This study was designed to 
evaluate the impact of preventive mass albendazole chemotherapy on changes in growth 
indices and school absenteeism.  
Materials and methods 
Albendazole tablets were administered by school teachers to 957children in the seven primary 
schools within a community in Southern Nigeria after data and stool sample collection. 
Follow up data were collected 6 months later for impact assessment. Ponderal growth 
retardation was defined as BMI under 5-percentile and longitudinal growth retardation as 
height for age under 5-percentile using the WHO classification scale.  
Results 
Helminth infection was found in 373 (39%) of the pupils before the intervention with Ascaris 
lumbricoides (n=247; 25.8%) and hookworm (n=89; 9.3%) being most prevalent. At 
enrolment 19.6% of children with and 11.8% without helminth infections had BMI below the 
5-percentile. These figures were reduced to 9.2% and 8.8% after the intervention respectively.  
No effect of deworming was seen on longitudinal growth. The number of children with >25% 




Even though a control group was missing in this study (for ethical reasons) the difference in 
response to deworming between infected and uninfected children strongly support an effect of 
deworming on growth and school absenteeism. The intervention could be administered by 




Keywords=Helminthes, Body Mass Index, Absenteeism, Mass Drug Administration, 
Preventive Chemotherapy. 
Background 
Despite the evidence indicating that school based mass deworming is one of the cheapest 
ways to secure the future of children in developing countries, sustainability of the program as 
well as effective mass coverage continue to hinder the control of STH.1 
Chronic infections with intestinal helminths are important health factors that may influence 
school performance and reduce social competence and regular school attendance. Studies in 
the United States of America (USA) have shown that worm infections are associated with 
lower literacy levels by 13% and lower earnings later in life by 43% 2. The total lost years of 
schooling due to worm associated absenteeism, mostly in developing countries, amounts to 
over 200 million years, countries. 3 Helminth related average IQ loss in poor countries is also 
estimated as 3.75 points per worm infection.4 Evidence has shown that improved health status 
associated with mass deworming leads to improved educational performance, increased 
productivity, life expectancy and decreased expenditure on health care 5 According to the 
WHO, more than 280 million children that are in need of deworming live in the 42 countries 
of the African Region, and more than 40% of these are from three countries where Nigeria 
leads with outstanding 21% 6. Deworming coverage rate was higher in the countries of the 
American (46%) and South-East Asian (39%) regions compared to the African Region (32%). 
Though Nigeria achieved national deworming coverage of 22% in 2006, this dropped to 13% 
in 2008.6 
School based mass deworming programs have traditionally depended on donor funds, since 
most of the countries where STH is endemic are poor. Programs are usually suspended or 
abandoned when donor funds run out. Surprisingly, most of the money required for the 
exercise is invested in staff training and organizing the logistics. For instance data from the 
Partnership for Child Development7showed that the cost of school-based deworming, 
including training and logistics was estimated to be around 50 US cent per child per year 
while the actual cost of the deworming tablet was 3 US cent per 400mg dose of albendazole 
per child 8.  The implication of this is that limiting or eliminating the cost of training and 
logistics will free more funds for drug procurement and enhance the sustainability of mass 
deworming programs. Another cause of setback in sustainability of mass deworming is the 
time factor. More time is often needed for cascade training of different category of staff than 
time needed to actually administer the tablets. 9 For example the Kenyan mass deworming 
program of 2008 was postponed twice because real and perceived logistical obstacles. 10 
It is therefore expedient to find cost effective and time saving ways that circumvent cost of 
training and reduced bureaucracy. We therefore decided to evaluate the effectiveness of a 
mass deworming program involving only school teachers without formal training. Drugs were 
distributed through the local clinic, and the study team was only present once at the start and 
once at the end of the project in order to minimize their influence on the study outcome.  
 
Materials and methods 
 
Study site and population 
This study was carried out at Ilero town in Oyo State, South-West of Nigeria with tropical 
climate. Farming is the predominant occupation in this community. Tap water is also not 
available and the major potable water source is public wells, while defecating in the bush is 
the major means of sewage disposal. 11 The town has 7 public primary schools with a total 
population of about 1442 children. The pupils were aged 2 to 16 years consisting of pre-
school and school aged children. The same children were studied for several other parameters, 
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published elsewhere, including helminth-malaria co-infections12 and carrier status of 
diarrhoeagenic protozoa. 11 
 
Preliminary interviews with the parents and the school authority showed that mass deworming 




The study was designed as an effectiveness study with minimal influence and presence of the 
research team, which consisted of staff from the local clinic assisted by the first author. Thus 
study visits were restricted to a short interview, anthropometric measurements, and collection 
of a stool sample before the intervention and a single visit with anthropometric measurements 
and data collection 6 months after the intervention. The study was carried out in the mid of 
the school year between April and Sep 2013.The aim of the study was explained to the 
children, their parents or guardians and their teachers. The children were assisted to fill 
questionnaire forms in order to obtain their socio-demographic information after written 
informed consent was obtained from parents/guardians. The study was approved by the 
research and ethic committee of Federal teaching hospital, Abakaliki. The height in 
centimeter and weight in kilogram of each child was measured using digital weighing scale 
and wall mounted tape ruler respectively. The school attendance register was checked to 
record the number of days that each child was absent during the school term. School 
absenteeism was evaluated in the 100 days the school was open prior to the intervention and 
100 days after the intervention. Data from the primary 6 pupils were not included in analysis 
because they were not available for follow up, having graduated before the revisit period. 
 
 
Stool specimen collection  
The children were given wide mouth, screw cap plastic bottles with clear instruction on how 
to transfer feces into it in the school premises. Children that were deemed too young were 
assisted with trained personnel in specimen collection. 
The stool samples were divided in two parts immediately after collection, one part was 
preserved with equal volume of 5% formalin for microscopy while the other part was 
preserved with absolute methanol for PCR studies. The specimen was thoroughly mixed with 
the preservatives using applicator stick to ensure good preservation. 
 
Drug administration 
Teachers were asked to administer 400 mg of chewable albendazole tablets to the pupils 
irrespective of their age at a cost of about 5 US cents per child.  
The teachers received no formal training regarding the deworming program. The process was 
explained to them a week before the program and they were encouraged to use their social 
contacts to sensitize the community to the exercise. Members of the research team only stood 




Formalin preserved stool samples were examined by direct microscopy for helminth ova and 
protozoan cysts by 2 independent microscopists and any discrepancy was resolved by having 
a third opinion. Methanol-preserved stool was frozen and transported to Copenhagen for 






The data of weight, height, age and sex were used to calculate weight for age, Body Mass 
Index (BMI) and height for age using WHO growth tables and software 13. Children were 
classified as reduced ponderal growth when BMI was less than 5 percentile (% ile) according 
to the WHO classification scale, those with BMI between 5 to 85 % ile were regarded as 
normal weight while those with BMI above 85%ile were classified as overweight13. Similarly, 
height for age was used as indicator for linear growth. The number of days of absenteeism 
before and after intervention were grouped into ranges from those who were absent for less 
than 5% through those who were absent for more than 25%. Because it was considered 
unethical to randomize children to treatment or placebo we used a different approach to 
document the effect of deworming. Thus, we divided the children into two arms for the data 
analysis, one consisting of children with detectable helminths and the other without helminths 
prior to treatment.  
 
Association between presence or absence of helminth egg in stool and weight-for-age before 
and after deworming was initially calculated using McNemar's chi square test calculator 
(GraphPad Software, Inc. 2015 edition),14 and p-values less than 0.05 were considered 
significant. Subsequently, a linear mixed effects (LMM) model was used to test for an 
association between parasite microscopy status (i.e. infection by at least one species of 
helminth egg) and growth indicators. More specifically, the z-scores were regressed on a 
parasite status indicator, an indicator marking whether the value was obtained at follow-up 
and an interaction term between the two; a random intercept variable was used to account for 
repeated sampling of the same individual. The models were fit using the lmer package 
(package lme4, version 1.0-6)15 For example; the following function call was used for weight: 
Lmer (weight_z ~ follow_up * parasite_mic + (1|id), data = data, REML = F). Likelihood 
ratio tests were used to assess statistical significance with null distributions obtained using 
parametric bootstrap facilities provided in the pbkr test package. The same approach was used 
for modeling school absence time except that a generalized linear mixed effects model 
(GLMM) with a Poisson distribution and log link-function (also from lmer) was used in place 
of the LMM used for the continuous variables. P-values <0.05 were considered significant. 
 
Results 
We observed that the teachers complied reasonably with the deworming instructions given, 
and that the community was effectively sensitized, judging by the consent and high 
acceptance rate from the pupils. We screened a total of 957 children (473 boys and 484 girls) 
with a median age of 8 years and in the range 2-16 years (Figure 1). Three hundred and 
seventy three (39%) of the investigated children were infected with at least one helminth 
species (Table 1). Ascaris lumbricoides (25.8%) and Hookworm (9.3%) were the commonest 
followed by mixed infection with the two parasites (1.8%).    
The helminth positive children were almost twice as likely as the helminth negative children 
to be underweight prior to deworming (19.6% vs. 11.8%, Table 2, p=0.0001). Six months 
after deworming the prevalence of low weight-for-age had dropped to approximately 9% in 
both groups of children and the difference between helminth status prior to deworming had 
disappeared (Table 2, p=0.85). 
In the helminth positive group, McNemar's test showed that changes in BMI was significantly 
associated with deworming (p<0.0001, chi square=20.833 with 1 degree of freedom, odds 
ratio=14.000), while a similar association was also observed in the helminth negative group of 
pupils (p=0.0027, chi square=9.031 with 1 degree of freedom, odds ratio=3.571) 
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To confirm the test whether positive helminth status prior to deworming was associated with 
weight improvements at follow-up, a LRT was used to compare a model considering only 
age, sex, time (i.e. follow-up or baseline) and parasite microscopy status with a model also 
including an interaction term between follow-up and parasite microscopy status. As shown in 
Figure 2 there was a significant overall effect of deworming on weight-for-age and BMI (p< 
0.05 and p< 0.05, respectively) and this effect was most pronounced for children with 
detectable helminth eggs in their stool (interaction between helminth and follow up p<0.05). 
In contrast, deworming had no effect on height-for-age in any of the groups (p>0.05). For 
model estimates, see supplemental figure S1. Regarding the effect of deworming on 
absenteeism, we observed a reduction in the number of children with large percentage of 
absenteeism after deworming. The median number of days of absenteeism before and after 
deworming was 14 days (Range 0-94) and 9 days (Range 0-62), respectively.  
To test whether positive parasite microscopy status was associated with improvements in 
school absenteeism at follow-up, two GLM models corresponding to the LMM described 
above were fitted to the absenteeism outcomes and a LRT used to test for significance of the 
interaction effect. The results are summarized in figure 2D and showed a significant effect of 
deworming with an interaction between helminth status (p=0.001). Although the effect of 
deworming on weight and school absenteeism was more pronounced in the children with 
detectable helminth eggs in stool prior to the intervention, there was also a significant effect 
in helminth negative children. We speculated that this could be explained by an effect of 
albendazole on giardiasis and thus went on to test a random subset of the stool samples for 
Giardia using PCR. Giardia DNA was detected in 64 of 180 stool samples and tended to be 
more common in underweight children. However, a LMM analysis did not show any 
association between positive Giardia PCR and any of the parameters (data not shown) 
  
Discussion 
The high prevalence of helminth infection seen in this community (39%) is a likely 
consequence of lack of potable water combined with the poor sewage disposal methods in this 
community.11 A survey of four primary schools in Kenya showed a similar prevalence 
ranging from 31% to 48.9%, 16 while 58.3% prevalence was also reported among Ethiopian 
children17 in communities with similar challenges of water, sanitation and hygiene. A higher 
prevalence (68.2%) was once found in a similar study in Nigeria by Dada-Adegbola et al18 
while Kirwan et al reported 50% prevalence in a similar Nigerian study. 19 
Factors responsible for growth retardation of children in developing countries are complex 
and multifactorial. Apart from helminth infection, other factors attributable include 
undernutrition, low family income and large family size20. This may explain why some 
studies found little or no effect of deworming intervention on weight gain.21, 22 However; 
other studies found deworming to significantly improve weigh gain. The study of Ethiopian 
children 17 also found an association between helminth infection and underweight among the 
school children, and the weight-for-age z-scores of the children significantly increased four 
weeks after treatment for helminth infection, with a single dose of albendazole. A clinical trial 
in India also showed that a single albendazole treatment of helminth infected school children 
lead to a significant weight gain.23 Our attempt to find out possible causal association between 
the observed weight changes in the helminth negative children and Giardia infection yielded 
no significant result. We thus speculated that this may be part of complex multifactorial 
factors responsible for BMI that could not be controlled for in this study design. Our data thus 
suggested a causal relationship between intestinal helminth infection and ponderal growth 
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changes in the study population. Lack of effect of our deworming on height of the children 
was not surprising. A result of 10 longitudinal studies which compare growth of children 
infected with Ascaris with antihelmintic treatment showed that it was less likely to associate 
linear growth to deworming than ponderal growth. 24 This may be because stunting results 
from chronic undernutrition which retard linear growth unlike ponderal growth deficit which 
occur over a shorter period of time 23 and hence changes are also observable over a shorter 
period of time.  Similar to our study, a deworming exercise in Malaysia did not find 
significant height gain even when the children were followed up for 2 years 21. Contrary to 
our findings, Awasthi et al in India showed that deworming caused improved height gain 
compared to children in the control study, but the treatment was repeated every 6 months for 2 
years, as opposed to our study 23. Interestingly, Koroma et al also found significant changes in 
height for age of Sierra Leonean children after 6 months of albendazole intervention contrary 
to our result25. Our finding showed a surprising strong effect of deworming on school 
attendance. Studies evaluating the impact of deworming on school attendance have generated 
conflicting reports. For instance, the Kenyan study by Muguel and Kramin 26 showed that 
deworming improved school attendance. This was supported by another study in Jamaica 
which also showed that helminth infection was associated with poor school attendance and 
deworming led to a significant improvement in absenteeism 6 months after treatment, a 
benefit that was more pronounced in infected children who were also stunted. 27 On the other 
hand, Davey et al 28 recently concluded that benefit of deworming on school attendance 
remains controversial.    
It is not unlikely that the initiation of our study could have sensitized the teachers to improve 
on school attendance record keeping which could be a confounding factor. Also as a 
predominantly farming community, seasonal variation in farming activities such as planting, 
weeding and harvesting could also interfere with school attendance, which we may not be 
able to account for. We therefore like to suggest that the deworming effect on absenteeism 
observed in our study needs cautious interpretation and should be subjected to further 
investigation that will take into consideration all possible variables.  
By limiting our role during the deworming exercise to that of observership and data collection 
at few time points, the results of our study showed that school based mass deworming could 
be effectively carried out by the teachers without investing most of the donor funds in formal 
training. This in turn could free more funds for drug procurement and reduce donor fatigue 
which is a major obstacle to sustainability of mass deworming programs. Minimizing the 
interference of the research team also allows us to have a more realistic picture of the real life 
situation and the effectiveness of the program as opposed to efficacy studies, which require 
more control and follow up by the investigation team.    
Studies that have employed community integrated approach in deworming programs reported 
that the approach is effective and feasible. 29-31 Also a study about community perception of 
school based deworming in Turkey showed that 87.4 % of the parents were aware of school 
health programs and 99% of them approved of teachers’ role in providing health education 
and administering deworming tablets to pupils.32 The same study also showed that 85% of the 
parents were willing to pay for the exercise, and this may support the enthusiasm that greeted 
the end of our study visit during which virtually all the schools presented gifts to our research 
team.  Our exercise cost about 5 US cent per 400mg dose of albendazole, indicating that about 
2000 children could be effectively dewormed with just 100 USD.  This suggested that 
deworming could be done effectively at minor expenses through interaction between public 
health promoters and the community. However, monitoring of large scale efforts of 




Our data support the usefulness of regular deworming and indicate that an effect will last at 
least 6 months. It seems possible to motivate schools to support the program at minimal cost. 
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Table 1.Helminths detected in children prior to deworming   
Helminth N (%) 
Ascaris 247 (25.8) 
Hookworm                                   89 (9.3) 
Ascaris+Hookworm 17 (1.8) 
Trichuristrichuria 6 (0.6) 
Enterobius 5 (0.5) 
0ther 9 (0.9) 





Table 2. Prevalence of abnormal BMI before and after deworming by helminth carrier status. 
For definitions, see text.   
  BMI group, N (%)  







69 (11.8) 479(82.2)             35(6.0)                           583 (100)2 
Helminth 
Positive 
73(19.6) 288(77.2)               12(3.2)    373 (100)  
 





51 (8.8) 475(81.8)       55(9.5) 581 (100) 
Helminth 
Positive 
34(9.2)  296(80.4) 38(10.3)   368(100) 
 
Total3 85 771 93 949(100)4 
1Significant difference between helminth negative and helminth positive children, p=0.0001 
2Anthropometric measurements missing from 1 child 
3Helminth status assessed prior to deworming 




Figure 1: Age-distribution of study population prior to deworming.  
Figure 2: Mixed effects parameter models for growth parameters and school absenteeism 
before and 6 months after deworming of 957 Nigerian school children divided by presence or 
absence of intestinal helminth eggs prior to the intervention. Growth parameters are calculated 
as z-scores, where 6 months increase in age has been added to the age of the children between 
study entry and follow up. For calculations, see text. For model estimates of the weight 
calculation, see Table 3. Other model estimates are summarized in the text. (Clockwise) A. 
Weight for age, B. Height for age, C. BMI for age, D. School absenteeism. Overall effect of 
deworming at follow up: - A. p< 0.05, B. p> 0.05 (not significant), C. p<0.05, D. p<0.05. 
Interaction between helminth status and follow up: - A. p< 0.05, B. p>0.05 (not significant), 
C. p< 0.05, D. p< 0.05.  
Figure 3: Distribution of school absenteeism during 100 days before deworming and 100 days 
before 6 month follow up. A= helminth negative and B=helminth positive prior to the 
intervention. 
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The high prevalence of intestinal helminths reported from our study site as well as the large 
number of children that still dispose of feces in the bush implies that attention should be paid 
to improved STH control. We were not able to show particular risk factors in this population, 
but it is well established that such risk factors include reduced access to safe water and 
sanitation and low levels of health education. Our findings thus suggest that despite some 
differences in these factors in the population, the overall level of sanitation and health 
education is so low that we could not demonstrate an effect of these. This calls for urgent 
improvements in these factors. The improvement in BMI among the pupils after 6 months of 
mass deworming further confirmed the beneficial effect of school based albendazole PC. The 
result of this study is in agreement with the early impact assessment of mass deworming in 
Uganda which showed that children in the treatment group had significant increase in weight 
gain compared to controls.56 Single dose of albendazole treatment of school children was also 
associated with demonstrable growth improvement in Kenya57 in a research carried out by 
Schuurman et al. Our study design also showed that school based mass deworming could be 
effectively carried out by the teachers without investing most of the donor funds in formal 
training. This in turn could free more funds for drug procurement and reduces donor fatigue 
which is a major obstacle to sustainability of mass deworming programs.  
The observed negative association between malaria and helminths among the pupils suggest 
that mass deworming exercises might also put the younger children in an increased risk of 
developing clinical malaria. Hence it may be necessary to combine STH control programs 
with intermittent preventive treatment of malaria in children (IPTc) or other interventions 
aimed at reducing malaria risk. Our study design did allow us to directly monitor deworming 
effect on malaria, so we would recommend that future studies are done as intervention trials 
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so as to scrutinize the effect mass deworming on malaria risk and other health consequences 
in groups, with or without simultaneous administration of IPTc.  
Regarding the molecular diagnosis of protozoan parasites, the absence of E. histolytica in our 
study implies that E. histolytica colonization is not common in this population. Our finding 
was contrary to previous studies which reported high prevalence of E. histolytica, probably 
because the diagnostic methods employed previously were less specific and could not 
distinguish it from the non-pathogenic E. dispar which we found to be highly prevalence in 
our study.  Our result has thrown into question the commonly accepted figure of 500 million 
E. histolytica infections worldwide, suggesting that the true global prevalence may have been 
largely over-estimated. It is recommended that researchers should use real-time PCR to re-
evaluate the global epidemiology of this particular pathogen so as to be able to better match 
empirical treatment with diarrhea-causing microorganisms in resource limited countries, 
especially within the context of IMCI.55 One limitation of our study was the fact that our 
study subjects were not evaluated for viral and bacterial pathogens which are also very 
important diarrhea agents in this part of the world. Such evaluation is beyond the scope of this 
work and will overstretch our available resources. It is therefore recommended that further 
studies will be needed so as to complement our result and produce a full overview of all 
diarrhea agents in this area. 
The high prevalence of Giardia from our real time-PCR result is in keeping with the high 
sensitivity of this diagnostic tool. The high sensitivity implies that carrier states could not be 
distinguished from clinically relevant infections and as such, it could be of limited values for 
routine diagnosis of Giadiasis. This was also confirmed by the high Ct of the microscopy 
negative samples. High sensitivity of Giardia real-time PCR was also demonstrated in a study 
in Netherlands when it was compared with microscopy and ELISA. The Netherlands study 
concluded that microscopy should remain the primary diagnostic tool for identifying G. 
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lamblia in clinical cases despite its lower sensitivity because real-time PCR had the lowest 
predictive value.57 The major advantage of the high sensitivity on the other hand is that, it is a 
better epidemiologic tool when compared to other diagnostic alternatives.57  
 
Publication 1 
Abstract: The relationship between intestinal helminth infection and susceptibility to malaria 
remains unclear. We studied the relationship between these infections. Seven schools in Ilero, 
Nigeria referred all pupils with febrile illness to our study center for free malaria treatment 
during a 3-month study period. At the end, all pupils submitted a stool sample for microscopic 
investigation for helminth eggs. We used an unmatched case-control design to calculate the 
odds ratios for helminth infection in children with at least one attack of malaria (cases) and 
children with no malaria episodes during the study (controls). We recorded 115 malaria cases 
in 82 of 354 (23.2%), 16 of 736 (2.2%), and 17 of 348 (4.7%) children ages ≤ 5, 6–10, and 
11–15 years old, respectively (P = 0.001). Helminth infection rate in cases was 21 of 115 
(18.3%) compared with 456 of 1,327 (34.4%) in controls. Weighted odds ratio stratified by 
age group for helminth infection in cases versus controls was 0.50 (95% confidence interval = 
0.2–0.84, P < 0.01). Ascaris and hookworm were the most common helminths detected, with 
prevalence rates of 14 (12.2%) and 6 (5.2%) among cases compared with 333 (25.1%) and 
132 (10.0%) in controls, respectively (P = 0.001). The negative association between helminth 
infection and malaria may be of importance in the design of deworming programs. 
Publication II 
Abstract: Diarrhea remains the second largest killer of children worldwide, and Nigeria ranks 
number two on the list of global deaths attributable to diarrhea. Meanwhile, prevalence 
studies on potentially diarrheagenic protozoa in asymptomatic carriers using molecular 
detection methods remain scarce in Sub-Saharan countries. In order to overcome sensitivity 
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issues related to microscopic detection and identification of cysts in stool concentrates, real-
time PCR was used to analyze genomic DNAs extracted from stool samples from 199 healthy 
school children for E. histolytica, E. dispar, Giardia intestinalis, and Cryptosporidium. 
Questionnaires were administered for epidemiological data collection. E. histolytica was not 
detected in any of the samples, whereas Giardia (37.2%), E. dispar (18.6%), and 
Cryptosporidium (1%) were found. Most of the children sourced their drinking water from 
community wells (91%), while the majority disposed of feces in the bush (81.9%).Our study 
is the first to use RT-PCR to evaluate the epidemiology of E. histolytica, Giardia and 
Cryptosporidium in Nigeria where previous studies using traditional diagnostic techniques 
have suggested higher and lower carriage rates of E. histolytica and Giardia, respectively. It is 
also the first study to accurately identify the prevalence of common potentially diarrheagenic 
protozoa in asymptomatic carriers in Sub-Saharan Africa. 
Paper III (In preparation) 
Abstract: To control the morbidity of intestinal helminths, World Health Organization 
recommends Preventive Chemotherapy (PC) for at risk populations. But PC sustainability is 
hampered by limited donor funds in most settings. It is therefore necessary for find cost 
effective means of sustaining the program. This study was designed to evaluate effectiveness 
of mass deworming using school teachers without formal training as a means of by-passing 
the huge cost of training so that more funds could be made available for deworming tablets. 
Albendazole tablets were administered by class teachers without previous training to 
957children in the seven primary schools within the community after data and stool sample 
collection. Follow up data were collected 6 months later for impact assessment. 
Helminth infection was found in 373 (39%) of the pupils before the intervention, with Ascaris 
lumbricoides (n=247; 25.8%) and hookworm (n=89; 9.3%) being most prevalent. At 
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enrolment 19.6% of children with and 11.8% without helminth infections were low weight-
for-age. These figures were reduced to 9.2% and 8.8% after the intervention respectively. But 
there was no significant effect of deworming on height-for-age in either category of children.   
Intervention reduced the number of low weight-for-age infected and uninfected pupils by 
10.4% and 3.0% respectively. The number of children with >25% absenteeism rate in the 
uninfected and infected group of children decreased by 7.2% and 13.9% respectively. 
By limiting our role during the deworming exercise to that of observership and data 
collection, our study showed that mass deworming could be effectively carried out by the 
teachers without investing most of the donor funds in formal training. Our data also support 
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